INTRODUCTION {#sec1-1}
============

Osteoarthritis (OA), the most common forms of arthritis, which afflicts millions of individuals across the world resulting in impaired quality of life and increased health costs.\[[@ref1]\] Many risk factors that contribute to disease onset have been identified including both systemic and biomechanical factors, but the direct etiology of this progressive joint disease remains to be identified.\[[@ref1][@ref2]\] There are currently no disease-modifying treatments, and the only effective treatment is a surgical joint replacement.\[[@ref3]\] Chondrocytes are the only cellular components of cartilage. Under normal physiologic conditions, chondrocytes maintain equilibrium between anabolic and catabolic activities that is necessary for the preservation of the structural and functional integrity of the tissue. Chondrocytes express inflammatory mediators such as interleukin (IL)-1β, cyclooxygenase-2 (COX-2), proteolytic enzymes, which under normal conditions mediate a very low matrix turnover required for cartilage remodeling.\[[@ref4]\] However, in OA, production of these inflammatory mediators including COX-2 or prostaglandin E2 (PGE~2~) becomes significantly higher than the normal range, resulting in cartilage destruction and pain.\[[@ref5][@ref6]\] In OA, evidence show that excessive production of PGE~2~ activates/increases production of metalloproteinases and also proteoglycan, which further enhance the catabolic degradation of cartilage.\[[@ref6][@ref7][@ref8]\] IL-1 is a key inflammatory and catabolic cytokine in the pathophysiology of OA, represents one of the possible treatment targets.\[[@ref9][@ref10]\] IL-1β induced overexpression of COX-2 is also well reported in OA, which strongly contributes to the inflammation and cartilage degradation.\[[@ref10][@ref11]\] Now it is well documented that selective inhibition of PGE~2~ production via inhibition of COX-2 activity is the most appropriate therapeutic target for anti-inflammatory or anti-arthritic therapy,\[[@ref12]\] therefore the development of selective COX-2 inhibitors is now on the rise and inhibition of COX-2 activity is assumed to be a potential therapeutic target for OA therapy. Another most important therapeutic target of OA is the nuclear transcription factor-kappa B (NF-κB), which is intimately involved in the regulation of numerous genes (including COX-2) in the setting of the inflammatory response.\[[@ref13]\] Since inflammatory processes play a fundamental role in the damage of articular tissues, many *in vitro* and *in vivo* studies have examined the contribution of components of the NF-κB signaling pathways to the pathogenesis of OA.\[[@ref13][@ref14]\] Inflammation, cartilage degradation, cell proliferation, angiogenesis and pannus formation are processes in which the role of NF-κB is prominent.\[[@ref13][@ref14][@ref15]\] Therefore, targeting or pharmacologic modulation of NF-κB pathways also seems to be an effective therapy for OA.

Free iron in the joints is toxic and has proinflammatory effects, many studies show that iron accumulation in the inflamed synovium is well correlated with arthritic activity.\[[@ref16][@ref17]\] Moreover, iron chelators reduce inflammation in patients and animal models.\[[@ref18][@ref19]\] These findings clearly indicate that elimination of toxic iron from the joints has a clinical use for arthritis patients. A candidate iron-binding protein is a lactoferrin, which is released by degranulating neutrophils at sites of inflammation and is increasingly being recognized as a potential anti-inflammatory agent by virtue of its ability to bind iron when transferrin cannot do so.\[[@ref17][@ref20][@ref21][@ref22][@ref23]\] Lactoferrin is abundant in milk and in most biological fluids, its protective effects range from anti-inflammatory to anti-cancer activities that have been recently reviewed by García-Montoya *et al*.\[[@ref24]\] This wide range of lactoferrin activity is made possible by mechanisms of action involving not only the capacity of lactoferrin to bind iron but also interactions of lactoferrin with molecular and cellular components of both hosts and pathogens.\[[@ref24]\] Recently, lactoferrin from milk of various sources has also been found to inhibit inflammatory signals in various cell types.\[[@ref22][@ref23][@ref24][@ref25]\] However, its role on chondrocytes has never been investigated. In the present study, we addressed the question for the first time of a possible inhibitory effect of lactoferrin from *Camelus dromedarius* milk on IL-1β-induced expression of COX-2 and production of PGE~2~ in human OA chondrocytes. Our results showed that lactoferrin suppressed the IL-1β-induced COX-2 expression and PGE~2~ production in primary human OA chondrocytes, and these effects were concomitant with inhibited activation of the transcription factor NF-κB. Our results thus identify a unique mechanism of action of a dietary constituent and suggest that use of lactoferrin or compounds derived from it may have cartilage sparing effect in arthritis.

MATERIALS AND METHODS {#sec1-2}
=====================

Specimen selection and articular chondrocytes preparation {#sec2-1}
---------------------------------------------------------

The present study was carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for human samples. Informed consent was obtained for all investigations on human subjects. With Institutional Review Board approval, discarded cartilage samples were obtained from the knee joints of OA patients who underwent joint replacement surgery. The macroscopic cartilage degeneration was determined by staining of femoral head samples with India ink and the cartilage with the smooth articular surface ("unaffected cartilage") was resected and used to prepare chondrocytes by enzymatic digestion as we described previously.\[[@ref26][@ref27]\] Histological analysis of same of the "unaffected cartilage" samples was performed on 5 µM thick sections stained with haematoxylin and eosin and Safronin O and grade using Mankin score.\[[@ref28]\] Grading of the histology slides (not shown) revealed that all of the cartilage pieces taken from the unaffected area had a Mankin score of \<2 for structure and Mankin score of 1 for cellularity. Isolated chondrocytes were plated at a density of 1.2 × 10^6^/ml in 6 well tissue culture dishes (Millipore, Darmstadt, Germany) in complete Dulbecco\'s Modified Eagle\'s medium (DMEM) as we previously described.\[[@ref29][@ref30][@ref31]\]

Isolation of lactoferrin {#sec2-2}
------------------------

Lactoferrin was isolated from *C. dromedarius* (camel) milk as described previously.\[[@ref32]\] Briefly, milk was skimmed by centrifugation at 2500 *× g* at 4°C for 30 min. Skim milk was then diluted 1:1 with the phosphate-buffered saline-T (0.04 M NaH~2~PO~4~, 0.8 M NaCl, 0.04% \[v/v\] Tween 20, pH 7.4) and it was incubated with cation exchanger SP-Sepharose at 4°C overnight. Afterward, the SP-Sepharose was washed with the washing buffer (0.02 M NaH~2~PO~4~, 0.4 M NaCl, 0.02% \[v/v\] Tween 20, pH 7.4) to elute the unbound proteins. The gel then packed into a column and lactoferrim was eluted with the elution buffer (0.02 M NaH~2~PO~4~, 1 M NaCl, pH 7.4). The peak fractions were a pool and filtered by Acrodisc PF filter (catalog \# 4658, Pall Corporation, Carnwall, UK). The filtered factions were then electrophoresed on 10% sodium dodecyl sulfate -polyacrylamide gel electrophoresis (SDS-PAGE) for further confirmation and were used in cell treatment.

Treatment of primary human osteoarthritis chondrocytes with interleukin-1β and lactoferrin {#sec2-3}
------------------------------------------------------------------------------------------

We first determined whether IL-1β and lactoferrin affect the viability of human OA chondrocytes *in vitro*. Human OA chondrocytes (1.2 × 10^6^/well) were plated in 6 well culture dishes (catalog \# PIMWS0650, Millipore, Darmstadt, Germany) in complete DMEM medium (catalog \# SLM-120-B, Millipore) and serum-starved for 12 h/overnight. Chondrocytes were treated with various doses of IL-1β (5--10 ng/ml) and lactoferrin (25--150 µg/ml) and after 24 h incubation cytotoxicity of IL-1β and lactoferrin was examined by using CellTiter-Glo Luminescent Cell Viability Assay (catalog \# G7573, Promega, Wl, USA). Primary chondrocytes were pretreated with different doses of lactoferrin for 2 h prior to stimulation with IL-1β as we described previously.\[[@ref29][@ref30][@ref31][@ref33]\] Chondrocytes cultured without IL-1β or lactoferrin served as controls. All experiments were performed within 4--6 days of the primary culture to avoid dedifferentiation of OA chondrocytes.

Quantitative real-time-polymerase chain reaction {#sec2-4}
------------------------------------------------

Real-time quantitative polymerase chain reaction (qRT-PCR) was used to quantify the expression of mRNA for COX-2, type 2 collagen (COL2A1), COL10A1, aggrecan (ACAN), and SRY-box containing gene 9 (SOX-9) with expression of endogenous control glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as we described previously.\[[@ref26][@ref31][@ref34]\] Total RNA was separated from OA chondrocytes by total RNA isolation kit (catalog \# AM1560, Ambion, CA, USA).First-strand cDNA was synthesized using 1 µg total RNA and the SuperScriptFirst-Strand cDNA synthesis kit (catalog \# 75780, Affymetrix Inc., OH, USA). Primers used for PCR-assisted amplification are listed in [Table 1](#T1){ref-type="table"}. PCR amplification was carried out using the core kit for SYBR Green or Taqmann reagent (Applied Biosystem, Foster City, CA) and the step one RT-PCR System (Applied Biosystems). Typical profile times used were initial step, 95°C for 10 min, followed by a second step at 95°C for 15 s and 60°C for 60 s for 40 cycles with melting curve analysis. The level of target mRNA was normalized to the level of GAPDH and compared to control (untreated sample). Data were analyzed using ΔΔCT method.\[[@ref35]\]

###### 

Details of primers used in microRNA expression studies

![](PR-8-135-g001)

Western immunoblotting {#sec2-5}
----------------------

Expression of proteins in treated or untreated human primary OA chondrocytes were determined by Western blotting as we described previously.\[[@ref36]\] Total cell lysates were prepared using the Pierce RIPA buffer (catalog \# 89901, Thermo Scientific, LI, USA). Total cell lysates (35 µg/lane) were resolved by SDS-PAGE (10% resolving gel with 4% stacking) and transferred to PVDF immobilon-P transfer membranes (catalog \# IPVH00010, Millipore Corporation, Bedford, MA). Membranes were blocked with non-fat dry milk powder in tris-buffered saline and 0.1% Tween-20. Blots were probed with 1:200--1:1000 diluted primary antibodies specific for the target protein. Immunoreactive proteins were visualized by using 1:1000 diluted horseradish peroxidase-linked secondary antibodies and enhanced chemiluminescence (GE Healthcare, Milwaukee, WI). Images were captured using G: Box Imaging System (Syngene, MD, USA).

Prostaglandin E2 ELISA {#sec2-6}
----------------------

PGE~2~ production in the culture medium of treated or untreated human OA chondrocytes was quantified using commercially available ELISA kit (catalog \# 514010, Cayman Chemical Company, MI, USA) according to the instructions of the manufacturer. The plate was read using an automatic microplate reader (Anthos Zenyth 3100 Multimode Detectors, Salzburg, Austria).

Nuclear factor-kappa B activity assays {#sec2-7}
--------------------------------------

Inhibition of NF-κB p65 activity by lactoferrin in IL-1β stimulated human OA chondrocytes was determined in the nuclear extracts using a highly sensitive Transcription Factor ELISA Kit according to the instructions of the manufacturer (catalog \# ab133128, Abcam, MA, USA). The plate was read using an automatic microplate reader (Anthos Zenyth 3100 Multimode Detectors, Salzburg, Austria). The nuclear cell extract was prepared by our published procedure as we described previously.\[[@ref26][@ref31][@ref34]\]

Densitometric analysis {#sec2-8}
----------------------

Measurements of the scanned bands were performed using UN-SCAN-IT software (Silk Scientific Corporation, Orem, UT). Each band was scanned 5 times, and the mean band intensity (pixels per band) was obtained. Data were normalized to suitable loading controls and expressed as mean ± standard deviation followed by appropriate statistical analysis.

Statistical analysis {#sec2-9}
--------------------

All measurements were performed in duplicates and repeated at least 3 times using chondrocytes prepared from a different age- and sex-matched OA cartilage samples. Statistical comparisons were performed by one-way ANOVA analysis followed by Tukey\'s *post-hoc* analysis or two-way ANOVA followed by Bonferroni *post-hoc* tests using GraphPad Prism-5 (San Diego, CA, USA) and *P* \< 0.05 was considered significant. Values shown are mean ± standard error of mean unless stated otherwise.

RESULTS {#sec1-3}
=======

Preparation of lactoferrin {#sec2-10}
--------------------------

Lactoferrin was prepared from camel milk by cation exchange chromatography using SP-Sepharose column. The isolated lactoferrim was eluted in a single symmetrical peak \[[Figure 1a](#F1){ref-type="fig"}\] and was shown a single band on SDS-PAGE \[[Figure 1b](#F1){ref-type="fig"}\].

![Preparation of lactoferrin from camel milk. (a) Elution profile of lactoferrin from camel milk on cation exchange SP-Sepharose column. The flow rate was 5 ml/min and the volume of the fractions was 3 ml. (b) Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of pool of peck fractions (shown in circle in [Figure 1a](#F1){ref-type="fig"}). M stands for molecular weight markers. L stands for isolated lactoferrin](PR-8-135-g002){#F1}

Human osteoarthritis chondrocytes in monolayer maintain their chondrogenic phenotype {#sec2-11}
------------------------------------------------------------------------------------

We determined whether primary human OA chondrocytes used in these studies maintained their phenotype by analyzing the expression of COL2A1, ACAN, SOX-9 mRNA, which are considered to be the signature of the chondrogenic phenotype.\[[@ref26][@ref31][@ref37]\] Our results show that primary human OA chondrocytes in monolayer culture maintained their phenotype, when they were plated (1.2 × 10^6^/ml) in complete DMEM medium with 10% fetal calf serum and allowed to grow at 37°C and 5% CO~2~ in a tissue culture incubator, as judged by the continued expression of COL2A1, ACAN and SOX-9 mRNAs, whereas COL10A1 mRNA was not expressed (data not shown). Based on this data, chondrocytes were used within 3--6 days after plating to avoid dedifferentiation of OA chondrocytes.

Lactoferrin inhibits interleukin-1β-induced expression of cyclooxygenase-2 mRNA and protein and the production of prostaglandin E2 in primary human osteoarthritis chondrocytes {#sec2-12}
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Primary OA chondrocytes (70--80% confluent) were pretreated with lactoferrin (50--75 µg/ml) for 2 h, then stimulated with IL-1β (10 ng/ml) for 24 h. No cytotoxic effect of lactoferrin was noted at the dose used (results not shown). The level of COX-2 mRNA was quantified by a highly sensitive and specific quantitative RT-PCR method, and values were compared with control. Our results showed that OA chondrocytes treated with IL-1β had a higher level of COX-2 mRNA compared with unstimulated OA chondrocytes. However, COX-2 mRNA levels showed a marked decline in the samples pretreated with lactoferrin and then stimulated with IL-1β \[[Figure 2a](#F2){ref-type="fig"}\]. To determine whether inhibition of gene expression also affected protein level, total cell lysate were assayed for COX-2 protein using Western immunoblotting. As shown in [Figure 2b](#F2){ref-type="fig"}, pretreatment with 50--75 µg/ml of lactoferrin significantly decreased the IL-1β-induced COX-2 protein expression of IL-1β-stimulated primary human OA chondrocytes (*P* \< 0.01). Not only these, but we also determined the culture medium of the same treated or untreated primary human OA chondrocytes for PGE~2~ production. Our data showed that enhanced PGE~2~ production by IL-1β was significantly inhibited by lactoferrin in a dose-dependent manner \[*P* \< 0.01; [Figure 2c](#F2){ref-type="fig"}\].

![Lactoferrin inhibits cyclooxygenase-2 expression and prostaglandin E2 production. (a) Effect of lactoferrin (L) and nuclear factor-kappa B inhibitor (Bay 11--7082) on the gene expression of cyclooxygenase-2 in interleukin-1β -stimulated human osteoarthritis chondrocytes determined by quantitative real time-polymerase chain reaction. Primary human chondrocytes (70--80% confluent) were pretreated with L (50--75 μg/ml) or Bay 11--7082 (10 μM) for 2 h and stimulated with interleukin-1β (10 ng/ml) for 24 h. Expression of cyclooxygenase-2 mRNA was normalized to glyceraldehyde 3-phosphate dehydrogenase and compared to the levels present in control. Results are representative (mean ± standard error of mean) of duplicate experiments with chondrocytes obtained from osteoarthritis donors and values differ without a common letter *P* \< 0.01. (b) Effect of lactoferrin and nuclear factor-kappa B inhibitor on the protein expression of cyclooxygenase-2 in interleukin-1β-stimulated human osteoarthritis chondrocytes. Primary chondrocytes were pretreated with L (50--75 μg/ml) for 2 h and stimulated with interleukin-1β (10 ng/ml) for 24 h and cell lysates were prepared. Cyclooxygenase-2 protein was analyzed by Western immunoblotting. Band images were digitally captured and the band intensities were obtained using the Un-Scan-It software and are expressed in average pixels of five independent scans. (c) Effect of lactoferrin and nuclear factor-kappa B inhibitor on the production of prostaglandin E2 in interleukin-1β-stimulated osteoarthritis chondrocytes culture medium. Primary chondrocytes were pretreated with L (50--75 μg/ml) for 2 h and stimulated with interleukin-1β (10 ng/ml) for 24 h. Prostaglandin E2 production was analyzed in cell culture supernatant by ELISA. Data shown are cumulative of three experiments and differ without a common letter *P* \< 0.01](PR-8-135-g003){#F2}

Lactoferrin suppresses interleukin-1β-induced activation and nuclear translocation of factor-kappa B in primary human osteoarthritis chondrocytes {#sec2-13}
-------------------------------------------------------------------------------------------------------------------------------------------------

NF-κB is an important transcriptional regulator of inflammatory cytokines gene expression and plays a crucial role in the immune and inflammatory response. To investigate the mechanism responsible for the inhibitory effect of lactoferrin on COX-2 expression, we examined the effect of lactoferrin on NF-κB activation and translocation to the nucleus by estimating the nuclear cell fractions using NF-κBp65 transcription factor specific assays kit (Abcam). Exposure of OA chondrocytes to IL-1β significantly enhanced the DNA binding activity of NF-κBp65 compared to controls (*P* \< 0.001) and increasing doses of lactoferrin (50--75 µg/ml) significantly reduced the IL-1β-induced DNA binding activity of NF-κB p65 (*P* \< 0.05) \[[Figure 3](#F3){ref-type="fig"}\]. To further strengthen the relation of inhibition of NF-κB pathway and the expression of COX-2 in our studies, we next investigated the effect of a pharmacological agent, Bay-11, a known inhibitor of NF-κB, on the expression of COX-2 and production of PGE~2~. Treatment of chondrocytes with the Bay-11 (10 µM), significantly blocked the IL-1β-induced COX-2 expression both at mRNA and protein levels \[*P* \< 0.05; Figure [2a](#F2){ref-type="fig"} and [b](#F2){ref-type="fig"}\] as well as PGE~2~ production \[*P* \< 0.05; [Figure 2c](#F2){ref-type="fig"}\]. Together these results suggest that lactoferrin exerts its inhibitory effect on COX-2 expression via modulation of the activation and DNA binding activity of NF-κB \[[Figure 4](#F4){ref-type="fig"}\].

![Lactoferrin inhibited the activation of nuclear transcription factor-kappa B in interleukin-1β-stimulated human osteoarthritis chondrocytes. Primary chondrocytes (70--80% confluent) were pretreated with lactoferrin (L) (25--75 μg/ml) and Bay 11--7082 (10 μM) for 2 h and stimulated by interleukin-1β (10 ng/ml) for 30 min. Activated nuclear factor-kappa B p65 in the nucleus was determined by highly specific transcription factor ELISA kit (Abcam). The positive control nuclear extract supplied with the kit was used. Data are representative of three experiments and is presented as mean ± standard error of mean ^\#^*P* \< 0.05 versus untreated chondrocytes; ^\#^*P* \< 0.05 versus L or Bay 11--7082 treated chondrocytes](PR-8-135-g004){#F3}

![Overview of lactoferrin mediated inhibition of interleukin-1β-induced signaling events to cyclooxygenase-2 in human osteoarthritis chondrocytes. Interleukin-1β through interleukin-1 receptor activates interleukin-1β-induced signaling to cyclooxygenase-2 or prostaglandin E2 via activation of nuclear transcription factor-kappa B. Nuclear factor-kappa B complex was demonstrated by nuclear nuclear factor-kappa Bp65. All possible offered targets of lactoferrin induced inhibition to cyclooxygenase are shown. IL-1β: interleukin-1 beta; IL-1R: receptor for IL-1; L: lactoferrin; NF-κB: Nuclear factor-kappa B; p-NF-κB: phosphorylated NF-κB; COX-2: cyclooxygenase-2; PGE~2~: prostaglandin E2](PR-8-135-g005){#F4}

DISCUSSION {#sec1-4}
==========

This is the first report that shows lactoferrin, an iron-binding protein inhibits the inflammatory activity in IL-1β stimulated human OA chondrocytes. This is achieved by blocking of NF-κB activation in human chondrocytes. As COX-2 gene is NF-κB dependent, inhibition of NF-κB also inhibits its mRNA and protein expression and its product, PGE~2~ in IL-1β-stimulated human OA chondrocytes. OA is a chronic disorder of synovial joints characterized pathologically by focal areas of damage to the articular cartilage, centered on load-bearing areas, which is associated with the new bone formation at the joint margins, changes in the subchondral bone, variable degrees of mild synovitis, and thickening of the joint capsule.\[[@ref38]\] The severity of OA differs from patient to patient, but the very common clinical symptoms include pain, reduced range of motion, inflammation, and deformity.\[[@ref38]\] Now it is widely accepted that the onset of OA is well associated with excessive production of pro-inflammatory cytokines including IL-1β.\[[@ref9][@ref39]\] It is well documented that IL-1β has a pivotal role in cartilage matrix destruction via upregulation of the production of proteases and downregulation of the synthesis of proteoglycan and collagen.\[[@ref9][@ref10][@ref11][@ref39]\] It also upregulates excessive expression of COX-2,\[[@ref10]\] which is a major PGE~2~ synthetic enzyme and is well known to involve in the pathogenesis of chronic inflammation.\[[@ref5]\] Although very low levels of PGE~2~ may have anabolic functions in cartilage, in OA tissues, it is predominantly performed catabolism, leading to an inhibition of proteoglycan synthesis, increased proteases, and increased COL2A1 degradation.\[[@ref6][@ref7][@ref8][@ref40]\] As PGE~2~ is usually found at high levels in synovial fluid in OA patients and OA animal models, is regarded as a possible therapeutic target in OA.\[[@ref40]\] Although arthritis is present in every population and OA is the most common joint disorder, the treatment is still limited only to a few classes of drugs, primarily nonsteroidal antiinflammatory drugs, corticosteroids, and products from plants.\[[@ref41][@ref42]\] While providing relief from pain, however, none of the agents has been shown to inhibit disease progress or to inhibit cartilage degradation; they also have varying degrees of side effects including gastrointestinal toxicity.\[[@ref41]\]

There are a number of studies documenting the beneficial health effects of iron-binding glycoprotein lactoferrin. Most of these studies place emphasis on the antibacterial, antiviral, antiparasitic, antiallergic, catalytic, antioxidant, and anticancer properties,\[[@ref24]\] which have now been attributed, at least in part, to the ability to inhibit the inflammatory processes.\[[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] Now it has been accepted that it is a multifunctional protein involves in many physiological functions, including regulation of iron absorption and immune responses.\[[@ref17][@ref43]\] Lactoferrin is found in blood circulation, mucosal surfaces, granules of neutrophils, and in various secretory fluids, such as milk, bile, tears, nasal secretion, pancreatic juice, and saliva.\[[@ref44]\] It is reported that lactoferrin in blood is normally low (5--7 µg/ml) but at the sites of inflammation its concentration raised remarkably, as in arthritic patients it reaches up to 100 µg/ml, whereas in arthritic animal model its concentration becomes up to 200 µg/ml.\[[@ref17][@ref24][@ref45]\] This high release of lactoferrin at the sites of inflammation is well reported to play an anti-inflammatory role. As it modules the expression of many inflammatory mediators such as tumor necrosis factor-alpha, IL-1β, IL-6, IL-8, nitric oxide, granulocyte-macrophage-colony-stimulating factor, intercellular adhesion molecules in patients, and animal models.\[[@ref17][@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] Despite these important roles of lactoferrin in inflammation, its chondroprotective effect in joints of articular cartilage is not well understood. In this study, we show for the very 1^st^ time that lactoferrin inhibited the IL-1β-induced gene and protein expression of COX-2 and production of PGE~2~ in primary human OA chondrocytes.

Activation of the master transcription factor NF-κB leads to the coordinated expression of many genes that encode cytokines, chemokines, enzymes, and adhesion molecules involved in mediator synthesis and the further amplification and perpetuation of the inflammatory reaction.\[[@ref13][@ref14][@ref15][@ref45]\] NF-κB is present in the cytosol in an inactive state, complexed with the inhibitory IκB proteins, its activation occurs by the induction of phosphorylation, which mediates proteasomal degradation of IκB.\[[@ref46]\] It is also well documented that NF-κB is known to be involved in IL-1β-mediated effects of IL-1 receptor signaling, and that expression of COX-2 gene is dependent on the activation of transcription factor NF-κB.\[[@ref46]\] Suppression of NF-κB activation has been linked with anti-inflammatory activity. Therefore, we postulated that lactoferrin mediates its inhibitory effects on COX-2 expressions at least in part, through the suppression of NF-κB activity [Figure 4](#F4){ref-type="fig"}. In IL-1β-stimulated human OA chondrocytes, lactoferrin inhibited nuclear translocation of the NF-κBp65, as determined by DNA binding activity of nuclear NF-κBp65 in OA chondrocytes. These data further confirms that lactoferrin attenuates the inflammatory stimuli-induced activation and DNA binding activity of NF-κB in human chondocytes. In order to further confirm that lactoferrin specifically inhibited the IL-1β-induced activation of NF-κB and inhibited the expression of COX-2 and production of PGE~2~, we treated chondrocytes with NF-κB specific inhibitor, Bay 11--7082. Treatment of chondrocytes with Bay 11--7082 reduced the IL-1β-stimulated gene and protein expression of COX-2 or production of PGE~2~. To this, based on our results, we can add that lactoferrin is a potent inhibitor of IL-1β-induced induction of COX-2 and production of PGE~2~ at a physiologically achievable concentration (50--75 µg/ml). We, therefore, conclude that inhibition of arthritis following local administration of lactoferrin in an arthritic animal model\[[@ref17]\] and lactoferrin mediated inhibition of IL-1β-induced production of cartilage-degrading molecule PGE~2~ via inhibition of COX-2 expression provide new insights into the mechanism of its action. Therefore, it is important to suggest that lactoferrin or compounds derived from it have important implications for the development of novel therapeutic strategies for the prevention/treatment of OA.

CONCLUSION {#sec1-5}
==========

This study provides an important new insight into the molecular basis of the cartilage protective and antiarthritis effects of camel lactoferrin. Our data show for the 1^st^ time that lactoferrin inhibits the inflammatory activity against IL-1β-induced activation of human OA chondrocytes. This could block the activation of NF-κB signaling events. Our data also show a potent inhibitory effect of lactoferrin on IL-1β-induced production of cartilage-degrading molecule PGE~2~ via suppression of IL-1β-induced expression of COX-2 mRNA and protein in human OA chondrocytes. These findings are of important to understand the chondroprotective mechanisms and clinical applications of camel lactoferrin.
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